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Abstract 
This work is based upon the concept of illumination and communication using LEDs. The dependency on wavelength of silicon 
photodiodes (Si PD) used in optical communications is studied by means of simulation. The sensitivity of the Si PD is compared 
for three wavelengths corresponding to red (680nm), green (530nm) and blue (460nm). The induced photocurrent in the PD for 
red wavelength is high as compared to green and blue at low received optical power. The results also affirm that for varying 
bitrates the red wavelength has better BER performance. The least value of BER achieved here is of the order 10-21. These three 
wavelengths contribute to form white light compositely. This composite white light is used for visible light communication 
(VLC) in optical wireless channel (OWC) for indoor applications. The LEDs are intensity modulated at the transmitter and 
directly detected at the receiver. The OWC length is varied from 1m to 10m with the transmitter and receiver aperture diameter 
set to 0.5cm and 0.1cm respectively. The results show that using the OOK (on-off keying) the data rate tends to have an upper 
limit of 100 Mbps, when 680nm wavelength alone is modulated keeping the other two wavelengths unchanged. 
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1. Introduction 
The increasing demand of attaining higher speeds in data communication for indoor purposes inherently requires 
a technology that caters it. The need for an unlimited bandwidth with lesser interference with the existing 
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communication system is just the ideal one. This can be achieved by deploying a system that uses an unregulated 
EM spectrum viz Visible Light (400nm-700nm). The indoor OWC between the transmitter and receiver would act as 
the medium of propagation for the light.  
 
The advantage of VLC is that the transmitted power need not be restricted unlike the RF communication, where 
high transmitting powers pose a health risk. The optical signals remain opaque to walls and ceilings thereby 
confining themselves to indoor. This reduces the chance of eavesdrop and hence the system becomes free from any 
sort of intrusion. Such a system ensures secure communication1.  
 
With the advent of White LEDs it is possible to design high data rate systems used for indoor communication 
purposes2. Presently White LEDs are replacing the conventional fluorescent lamps and bulbs used for indoor 
illumination. The LEDs are cheaper, small in size, consume less power, cool in operation and stay in service for 
longer duration as compared to the conventional fluorescent lamps and bulbs. The added advantage of using such an 
economical optical source would be illumination with communication simultaneously3. 
 
There are various ways in which the white light can be generated from the LEDs. Presently, in InGaN LEDs the 
blue wavelength (460nm) pumps red and green phosphor covering it. This arrangement of phosphor coated LEDs 
(RBGBB) renders a white light effect. It is also possible to have an LED employed to emit blue wavelength in 
combination with red so that it pumps green phosphor. This arrangement (RGBB) too renders white light4. Besides 
this, a multichip arrangement uses individual LEDs to generate three colors (RGB) or four colors (RYGB) to form 
white light. In such an arrangement the average intensity of the modulated wavelength has to be made equal to the 
intensity of the other components5 so that composite white light can be formed.  
 
For optical data communication, the intensity, phase/frequency or polarization of the optical carrier can be 
modulated6. Intensity modulation (IM) is the simplest technique to convert a signal from electrical to optical domain. 
In IM, the intensity of the optical carrier signal varies according to the amplitude of the modulating signal. The 
signal is detected using a photodiode (PD) where the intensity variation of the incoming optical signal induces a 
photocurrent in the detector. This kind of detection is referred as Direct Detection and hence the system is termed 
Intensity Modulated- Direct detection (IMDD). The research in LED technologies has reached to a point where the 
modulation bandwidth of approximately 20MHz has been reported7. With IMDD8 shows, the highest achieved data 
rate is 6.14Mbps. The digital data intended to transmit can be modulated using schemes like pulse amplitude 
modulation (PAM), pulse position modulation (PPM), OOK9.  
 
The sunlight creeping inside and the light emanating from other indoor optical sources (such as stray rays from 
display units, spot lights, IR waves generated due to heating) contributes to the ambient noise in the OWC10. This 
optical noise can be mitigated using techniques such as Manchester coding, spread spectrum modulation and 
differential signaling as reported in11,12.  
 
In this paper, a study on the wavelength dependency of the PD used in optical communication systems is 
performed. An individual wavelength from the spectrum of white light for which the PD gives the best responsivity 
is chosen for intensity modulation. This selected wavelength i.e. red among others (green and blue) is combined to 
form white light in a multiplexed format. The composite white light thus generated serves the purpose of 
illumination as well. The OOK scheme is used to encode the data to modulate the intensity of the optical carrier at 
varying bit rates. The modulated optical signal is passed through the OWC analogues to an indoor scenario.  
 
The rest of the paper is organized as follows; Section II deals with the simulation setup to study the wavelength 
dependency of Si PD. Section III shows generation of white light by combining the three different wavelengths in 
the visible light communication system. Section IV presents the BER against OWC length analysis conducted on the 
communication link setup. Section V concludes the work detailing the inferences obtained. 
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2. Study of wavelength dependency of Silicon Photodiode 
The wavelength dependent nature of the Si PD when passed through an OWC is studied at three different 
wavelengths  viz. 460nm, 530nm and 680nm corresponding to blue, green and red color respectively. The simulation 
setup is shown in Fig.1.  
 
 
Fig.1. Simulation Setup to study wavelength dependency of Si PD 
 
A 1Mbps OOK- NRZ data is generated using a PRBS generator which modulates the intensity of the LED for 
each of the three wavelengths. A quantum efficiency of 0.05 is chosen for the LED. This modulated light is passed 
through the OWC of 1m with the propagation delay of 0ps/km for an indoor scenario. The transmitter and receiver 
aperture diameters are 0.5cm and 0.1cm respectively. A Si PIN PD at an absolute temperature of 298K, with a 
junction capacitance of 3pF and modulation bandwidth of 2GHz is set at the receiver. The transmitted power is 
varied and the corresponding received optical power and average photodiode current is measured. 
 
 
Fig.2. Received Optical Power vs Average Photocurrent 
 
Fig.2 illustrates a plot between the received optical power and the average photocurrent for the three wavelengths. 
The responsivity of a photodetector relates the electric current ܫ݋  flowing into the device circuit to the optical power 
ܲ incident on it is given by 
ܫ݋ ൌ ܴܲǡ (1) 
where ܴ is the responsivity of the photodiode. It is observed that the induced average photocurrent for the red 
wavelength reaches upto 215mA for a received optical power of -2.4 dB against 124mA and 100mA for green and 
blue wavelengths respectively. As the photocurrent generated for the incident red wavelength is higher than green 
and blue against received optical power, the same can be used for optical communication. This difference keeps on 
increasing throughout as the received optical power increases. The responsivity of PD increases linearly at higher 
wavelengths of the visible spectrum13 with a responsitivity of 0.48 for red, 0.32 for green and 0.25 for blue. Thus it is 
deduced that the wavelength corresponding to red light among the three will generate high photocurrent at low 
received optical power. This makes red wavelength suitable for indoor communication purpose. 
 
Using the same set up, the OWC length was set to 5m and 10m. All the three wavelengths were individually 
modulated with 10 Mbps to 300Mbps OOK-NRZ data. The received BER was measured from the Eye Diagram 
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Visualizer. A graph plotted between received BER vs transmitted Bit rate for OWC length of 5m and 10m is shown 
in Fig.3 and Fig.5 respectively. The Eye diagrams for the same are shown in Fig.4 and Fig.6.  
 
 
Fig.3. BER vs Bit rate for OWC of 5m for different wavelengths 
 
 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
 
(e) 
 
(f) 
Fig.4. Eye Diagrams for OWC of 5m (a) 680nm at 10Mbps, (b) 530nm at 10Mbps, (c) 460nm at 10Mbps, (d) 680nm at 100Mbps, (e) 530nm at 
100Mbps, (f) 460nm at 100Mbps 
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Fig.5. BER vs Bit rate for OWC of 10m for different wavelengths 
 
 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
 
(e) 
 
(f) 
Fig.6. Eye Diagrams for OWC of 10m (a) 680nm at 10Mbps, (b) 530nm at 10Mbps, (c) 460nm at 10Mbps, (d) 680nm at 100Mbps, (e) 530nm at 
100Mbps, (f) 460nm at 100Mbps 
 
The OWC exhibits an error free transmission at 680nm for 100Mbps data rates for length of 5m. The received 
BER is lesser than the standard value of 10-9 as shown in Fig.3. The eye is more open with good extinction ratio for 
680nm wavelength compared to the other two as shown in Fig.4(a), (b), (c). Similarly, for distance of 10m, the BER 
corresponding to 100Mbps data rate for 680nm wavelength is limited to 10-9 and the eye is more open as shown in 
Fig.5 and Fig.6 respectively. Thus the red wavelength provides better transmission performance against blue and 
green wavelengths. 
3. Generation of White Light 
The spectrum analogous to the visible light ranging between 400nm-700nm is formed by the simultaneous 
generation of the three wavelengths using the same optical source. This is achieved by using three discrete LEDs at 
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the same time each having one of the desired wavelengths. All the components are then multiplexed using a 
wavelength division multiplexer (WDM). The white light thus formed is also used for illumination. The simulation 
setup is shown in Fig.7. The spectrum of the composite white light generated before transmission through OWC and 
after reception is shown in Fig.8 (a) and (b).  
 
 
Fig.7. Simulation setup for the generation, transmission and the reception of composite white light with modulation applied to 680nm 
 
The red LED is chosen for modulation (intended for communication). The optic apertures on both the ends of the 
channel remain unchanged. The transmitter and receiver pointing errors are set to 0µrad under the assumption that 
the indoor scenario simulated here is meant for Line of Sight (LOS) communication. A first order LPF (low pass 
filter) with a cutoff frequency of 0.75*symbol rate is implemented after the Si PD. Hard decision thresholding is 
applied at the receiver to recover the bits. 
 
 
(a) 
 
(b) 
Fig.8. Spectrum of the composite white light (a) Generated at the transmitter (b) Received after the OWC 
 
 
Fig.9. Received Optical Power and BER vs Distance for OWC using 680nm wavelength for OOK modulation 
 
Blue (460nm) 
Green (530nm) 
Red (680nm) 
Blue (460nm) 
Green (530nm) 
Red (680nm) 
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4. Results and Discussions 
The generation, transmission and the reception of composite white light with modulation applied to 680nm is 
analyzed in this section. Fig.9 shows system performance analysis based on BER calculations against transmission 
distance. The length of the channel is varied from 1m to 10m. The received optical power is measured for every 1m 
increase in the distance between the transmitter and receiver. An exponential decrease in the received optical power 
is observed as the length of the OWC is increased. It can be seen that the system shows almost similar performance 
for data rates of 20 Mbps and 50Mbps.The increase in BER for data rates upto 100Mbps is almost linear for every 
1m increase in the distance. The BER for 20Mbps and 50 Mbps data rates achieved is < 10-9 for channel length up to 
8m. While the same BER for 100Mbps, is achieved at a distance of 5m. Data rates of 250Mbps and 300Mbps have 
BER>>10-9 for the entire span of OWC. 
 
Conclusion 
The study of wavelength dependent nature of Si PD in an OWC scenario is conducted for three individual LEDs 
(680nm, 530nm and 460nm). It is observed that the induced average photocurrent for the red wavelength (680nm) 
reaches upto 215mA for a received optical power of -2.4 dB against 124mA and 100mA for green (530nm) and blue 
(460nm) wavelengths respectively. It implies that red wavelength has more sensitivity for Si PD and is suitable for 
short distance OWC. The maximum possible bit rate within tolerable BER (=10-9) is 100Mbps for 5m and 10m 
OWC channel length using OOK modulation. Hence it can be concluded that such a system using the OWC channel 
with visible light as the carrier of information can be deployed for high speed indoor data communication. 
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